e report the long-term radiological results of 58 total hip arthroplasties (THA) using the Charnley offset-bore acetabular socket. Wear was measured at four sites and radiolucent lines and possible migration were recorded. Four cups were retrieved at revision and were examined using light microscopy, SEM and X-ray microanalysis.
The Charnley extra small socket with a face diameter of 35 mm 1 has an offset bore so that the cavity for the femoral head is placed eccentrically. The thickness of ultra-highmolecular-weight polyethylene (UHMWPE) is approximately 10 mm in the upper weight-bearing part, equal to that of conventional sockets, and then decreases to a few millimetres in the lower part ( Fig. 1) . We have used this acetabular component since 1976, mainly in patients with neglected high and low dislocations undergoing primary total hip arthroplasty (THA) as well as in a few revision cases. We now report the long-term results regarding acetabular wear, radiolucent lines, cup migration and the rate of loosening. Four retrieved acetabular sockets have also been examined by light microscopy and SEM and by X-ray microanalysis.
Patients and Methods
Between 1973 and 1992 a total of 702 THAs were performed by the senior authors (GH and TTI) using the Charnley low-friction arthroplasty (LFA) technique. 1 Since 1976, 72 offset-bore sockets have been used in 54 patients. Seven cases have been lost to follow-up. In six hips (four patients) the immediate postoperative radiographs were either missing or of very poor quality and they were excluded. One Girdlestone procedure, performed because of infection in the second postoperative year, was also excluded. This left 58 hips (42 patients) in the study with a mean follow-up of seven years (3 to 19). Most of the cases were high dislocations 2,3 (Table I ). All the patients were women with a mean age of 48.4 years (23 to 68). In 44 hips (75.9%) offset-bore sockets had been used in combination with the cotyloplasty technique which has been previously reported. 2, 3 This entails fracture of the floor of the original acetabulum, bone grafting, and controlled medialisation of the cemented cup. The current and immediate postoperative radiographs were evaluated independently by two examiners using a Vernier micrometer calliper with the 22.25 mm LFA femoral head as a guide for the correction of magnification. There were almost no interobserver differences in the measurements. When there were such differences they were small and the mean value was used. The thickness of the UHMWPE was measured according to Charnley and Halley 4 and Wroblewski 5 at 30, 45, 90 and 150° from the upper rim of the cup. The mean value of wear at 30° and 45° was adopted as the zone-1 measurement so that the results corresponded to the three radiological zones of DeLee and Charnley. 6 The annual wear rate was calculated.
We recorded the presence of radiolucent lines in the three zones of DeLee and Charnley 6 according to McCoy et al with grades from 0 to 4. Migration in the horizontal and vertical direction was measured using the interteardrop line as a guide and 2 mm as the lower limit. Progression of the lines was also noted. Analysis of the articular surface of the four retrieved implants included macroscopic inspection using a magnifying lens, light microscopy, SEM and wavelength-dispersive X-ray microanalysis (JXA 733 Super probe, Jeol Ltd, Tokyo, Japan). Table II gives the details of the retrieved implants.
Results
Clinically, all 42 patients (58 hips) had well-functioning THAs and were rated high on the Merle d'Aubigné and Postel scale as modified by Charnley 1 
(Figs 2 and 3).
Radiological analysis showed no wear in five (8.6%) and minimal wear in three (5.2%) of our acetabular cups. In the rest, the mean wear in zone I was 0.4 mm and in zone II 0.26 mm. In zone III it was not possible to calculate wear since any wear in the other two zones results in enlargement of the apparent radiological 'thickness' of this area. The annual wear rate was 0.06 mm in zone I and 0.04 mm in zone II. There was a significant wear rate (> 0.13 mm/ annum) in only 12 THAs (20.7%). The most common site for maximal penetration in a single socket was the zone at 90° (44.8% of the sockets) followed by that at 45° (24.1%) and at 30° (17.2%). Details are given in Tables III to V. The offset-bore acetabular socket. Anteroposterior radiographs of a 37-year-old woman with high dislocation of the right hip preoperatively (a) and 19 years after THA with an offset-bore acetabular component (b). The clinical and radiological results were satisfactory and there was no migration. The direction of maximum penetration was found at 90° with total penetration of 1.46 mm (0.076 mm per annum). (Table VI) . Only five hips (8.6%) showed migration; in three it was progressive and they were subsequently revised. Two others were revised because of aseptic loosening of the stem. In both, the well-fixed acetabular cup showed excessive wear (> 1.13 mm). Revisions were performed at a mean of 9.8 years postoperatively (4 to 16).
Macroscopic and microscopic changes in the retrieved implants were similar to those previously reported. 8, 9 Discoloration and plastic deformation of the UHMWPE were observed macroscopically along the upper rim of the acetabular cup with the longest follow-up (187 months). There were scratches, gouges, shredding and pitting mainly at the upper load-bearing regions. Lower regions had polishing of the machining marks. SEM and X-ray microanalysis findings revealed crystalline formations in the lower region of the articular surfaces (Fig. 4) . These crystals differed in appearance and composition from the adjacent area and were characterised by the presence of calcium and phosphorus.
Discussion
The longevity of a THA depends on many factors, some of which are 'surgeon-dependent'. Since UHMWPE debris has now been recognised to be a major factor in loosening of the prosthesis the acetabular part of an implant has recently become the focus of attention. [10] [11] [12] The thickness of the UHMWPE also plays an important role in its wear. It has been reported that thickness of 5 mm or less in metalbacked sockets could lead to catastrophic results. 13 This can be regulated by choosing the appropriate acetabular cup and head diameter. In certain conditions and in some revision situations, a 'shallow' cup of a small diameter must be used, but even with a 22.2 mm head, the thickness of UHMWPE becomes critical. The offset cup gives almost standard thickness of UHMWPE in the upper weightbearing part of the socket. 1 Dennis and Halley 14 have presented a preliminary report of nine cases in which this design of small acetabular cup was used and, recently, the first well-documented study on 54 THAs was reported from Wrightington Hospital. 15 This gives a rate of 35% for no wear in a mean follow-up of 8.1 years which differs from our figure of 8.6, with a mean follow-up of seven years (or 13.7% if minimal wear is included). Our finding, however, of an annual wear rate of 0.06 and 0.04 mm per annum for zones I and II, respectively, is comparable with the Wrightington figure of 0.04 mm per annum overall. Many of our patients have the common underlying pathology of congenital hip disease and are a young and active group with a mean age of 48.4 years. Wear of UHMWPE depends on many factors such as the mechanical roughness finish of the femoral head, 16 the surface preparation of the UHMWPE, the method of sterilisation, the shelf life of the implant and finally the thickness of the plastic. 10 Implants of the non-conforming designs have been found to be more susceptible to wear, 10, [17] [18] [19] but fatigue wear is unusual owing to the conformity of the two contacting surfaces. Our findings add to the evidence that conformity plays a very important role in the wear behaviour of UHMWPE and agree with those of Izquierdo-Avino et al 15 . The wear rates are considerably lower than the historically reported figures for the conventional Charnley acetabular cup which range from 0.07 to 1.15 mm per annum. 4, 5, 7, [20] [21] [22] [23] [24] [25] Another important aspect is the effect of cup thickness on the surrounding mantle of acrylic cement (PMMA). Oh 26 showed that the strain in the cement mantle rose in model sockets when the thickness fell from 5 to 2 mm and Pedersen et al 27 reported an increase of 400% in tension and 200% in compression stresses in the cement mantle when the UHMWPE thickness was reduced from 14.5 to 3.5 mm as the simulated head diameter changed from 22 to 44 mm. The fact that our group of patients is relatively young, active and that their common pathology requires a technically demanding operation makes these findings more significant.
Crystalline calcium-phosphorus formations observed in the analysed retrieved sockets may be related to the deposition of bone debris or to some interaction with biological fluids on the unloaded lower region of the sockets. While their origin is still under investigation, their limited area is believed to be indicative of an enhanced articular conformity.
Our follow-up is relatively short and therefore we are unable to guarantee the long-term advantage of the offset cup, but so far we have had no evidence of deterioration in performance in cups that have been reviewed at 15 years.
The use of small cups is increasing not only in neglected cases of congenital hip disease but also in revision cases with problems of bone loss. The offset-bore socket should be considered as an excellent alternative.
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